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By Byron M. Jaquet end Jack D. Brewer 

A low-speed investigation w a s  made in the Langler s t a b i l i t p  tunnel 
to determine  experimentally the effects  of change8 in  prof i le  and aspect 
r a t i o  on the low-speed static-stability asd rolUng characteristics of 
triangular wings. The inve&Agation was extended t o  determine the effects  
of adding fins t o  the upper surface and of cutting p o r t l a m  fran the t i p s  
of a triangular wing t o  form low-aspect-ratio  tapered w i n g s  

In general, profile had little effect on the static-stability and 
roLl€ng chwacter is t ics  of trfaqplar wings at low lift coefficients 
The greatest  effect of prof i le  was in the high-lift-coefficient range. 
The =near range of the s ta t ic -s tab i l i ty  parametere was decreased (in 
m h  the same m e r  a8 f o r  =tapered swept wings) a8 the leading-edge 
&aqnesa was increased. 

Several of the chmacteristfcs of triangular wings may be est-ted 
with fair accuracy by available mept-wing  theory. AvaAlable low-aspect- 
ratio  trlasgular-wing theory w a ~  f o d  t o  be reliable f o r  c e r t a i n  cha3.m- 
t e r i e t i c s ,  but f o r  others, p8rticularl.y .the lift-curve slope, aer0aSna;mic 
center  position, and the d q i n g  in  roll, the agreement was poor  except at 
the lowest t e s t  aspect  ratio (A  = 1.07)- 

The ver t ica l  ffna teated  provided good d i r e c t i a   s t a b i l i t y  through- 
out the  entire  Uft-coefficient range. The fins increased the &amping 
in roll and decreased me variation of the effective d l h e d r a l  parameter 
with lift coefficient 

The ser ies  of modified triangular wings obtaned by cuttin@;  vazious 
portions from the t ip6 of a basic triangular wing g e n e m y  had good 
longitudinal and direct ional   s tabi l i ty  but very h i& effective  dihedral. 
Most of the  characteristics of these w i n g s ,  at low Uft coefficients, 
could be predicted  with fair accuracy by available swept-wing theory. 
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The advantages of low-aspect-ratio pointed wings for high-speed  fU&t 
have  been  outlined by Jones In reference' 1. Extensive theoretical  investi- 
gations of the stability  chezacterietics of triangular w i n s  have been 
made i n  the supersonic speed range. Theoretical  investigationa in  the 
eubsonic  speed range, however, are very  limited. The theory of reference 2 
is considered to be applic&ble only to thin trimgulu wings of aapect 
ratios  lees than 0.3 anB the theory of  references 3 and 4 presents only 
a few of the stability  characteristics. The approximate  theory of swept 
win@ presented in: reference 5 might be erpected  to be unreliable as the 
taper r a t i o  decreases frm unity. 

The present inveetigation wae  conducted.  to  detenmlne  experimentally 
the  effects of changes In profile and q e c t  ratio on the low-eped statio- 
stability and rolling characteri~tics of triangular winge. The investi- 
gation'wae exLended t o  detpmine the  effects o? adding firm to the 
upper &ace and of cutting  portions Arrm the tfpe of a trimgular wing 
t o  Porn low-aspect-ratio  tapered win@- Rolling characteristics were  
determined by meane of the rolllng-flow equipment of the Langley stability 
tunnel. (See reference 6 ) The experfmental data are campared with . 
available theory. 

The data  preeented herein are in the form of stand8rd NACA coefficients 
of forces and moments which are referred to the stability  aystem of 838s 
with the origln at the projection of the qmrter-chord point of t h e  ?man  
8.8rodymmLc chord OR t he  plane of symmetry. The positive directiom of 
the forces, moments, and angular displacemente ark shown in  figure 1. 
The Symbol8 and coefficient8 used herein are defined ELB follows: 
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longitudinal force, pounds 

l a t e r a l  force, pounds 

r0-g m m n t  about X--8, foot-pounds 

pitching 'moment about Y - d e ,  foot-pound8 

yawing lncment about z-esis, footPpounde 

qan, fee t  

=ea, s q m e  fee t  

b/2 -2 aero-c chord, feet /o c2 Q) 

root chord, feet 

taper r a t i o  

longitudinal  distance from agex of 
point of any chordwise eection, 

longitudinal  distance fram apex of 

of man aerodynamic chord., feet 

triangle t o  g-er-chord 
-feet 

tr iangle t o  quarter-chord point . 

Reynolds nuniber 

density of air, slugs per cubic foot  

free-stream  velocity,  feet per eecod  
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dynamic pressure, iound~ per aquare foot  (F) 
angle of a t tack  in plane of symmstry, degrees 

angle of yaw, degree0 

angle of sweepback of leading edge, degrees 

angle of sweepback of quarter-chord line, degrees 

f o t - 1  f f o r  triangular ) !. 

helix angle generated. by wing t i p  Fn roll, radians 

angular  velocity in roll, radian6 per eecond 

The present investigation wae conducted in the 6-foat-diameter rolling- . 
flow t e a t  asction of the Langley stabil i ty tunnel which ie described in 
detail in reference 6. 
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The relevant dimensions of the models and the test conditione a m  
presented in table I; hereinafter, each model w i l l  be referred  to  by the 
nunibsr designated in the table.  All profi les  referred to   a re  paral le l  
to   the plme of .sprmtry. 

All the   tes ts  were mad.e on a six-coqonent  strain-gage balance 
strut with  the models mounted at a point two-thirae of the root chord 
from the apex of the t r iang les  

Figure 2 presents  the  profiles of t h e  ser ies  of d e l e  having &lo 
meepback of the  leading eage (models 1, 2 , a n d  3)  . The models were- 
constructea of laminated. mahogany ana were  given hi-y poUahed surfaceB. 
Flat-plate fins of aspect  ratio 0.77 and 1.15 were constructed of Laminated 
mhogany and were tested on model 2. V & o u  portions of the t i p s  of the 
trimmar w a g  of aspect r a t i o  4 (model 7) we= cut off ( p a r a e l  t o  the 
plane of symmetry) t o  @Te aspect  ratios 3 (model 8) , 2 (model 9) 
and 1 (model lo ) , fncluding  t ips of revolution. 

A l l  the models were tested with a small canopy covering the s t r u t  
head ana the cut-out to prevent leakage of air throu& the w i n g .  

,Photographe of Some of the models m e  presented in figures 3 t o  7 

Three aeries of tests were made. In the first series the lift, 
longitudinal force, and pitching moment we? rneaaured at Q = 00 through 
an angle-of-at$ack range from about a = -4 t o  8a3. &@e of attack beyond 
the stall. In the second ser ies  of tests the static  derfvatives were 
determined by measuring the lateral force, rn-g moment , and yawing 
moment at $ = f 5O through  the same angle-of-attack range. In the third 
series  the mdels were tested through the angle-of-attack range at the 
values of pb/2V l i s t e d  in table I t o  obtain t h e  rolling derivatives C 
C I y  CYp. 2P ’ 

A l l  the tests were made at  a d.ynanic pressure of 24.9 pounds per 
square f o o t  which, when based on the mean aerodynamic chords of the 
models, corresponds t o  the Repolas  numbers in table I. The t e s t  Mach 
nuniber  was 0 .l3. 

The t e s t  data w e r e  transferred f r o m  the modellnounting position 
(a point   a t  two-thirds of the root chord from the apex of the  tr iangles) 
t o  the  quarter-chord point of the man aero-c chord. 
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The angle  of attack, longitudinal-force  coefficient, and rolling- 

moment coefficient were corrected  for jet bounbry effects,  but  corrections 
w e r e  not  applied t o  account f o r  =&el blocking, which mounte to an 
error  of  about 1.5 percent i n  dynamic pressure - 

I n  the rolling-flow  tests, tares appeared t o  be negligible up t o  
approxixmtely a = 160. However, at high angles of attack, there appeared 
t o  be large support  interference, and since these effectB could  not be 
accurately  evaluated,  the  rolling  derivatives 8;re not presented fo r  sngles 
of attack  greater than approximately 160. 

The measuremsnts taken are believed t o  be accwate within  the 
following amounts which axe based on the ~~ values of the  forces 
and mments f o r  model 6 : 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -10.1 
$, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.2 
cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~0.0029 

Cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iO.0046 

Presentation of Resulta 

The s t a t i c  and rol l ing ch&??acteri&iCS of the models of the  present 
investigation m e  presented i n  the four groups of  basic  data and the two 
s-y groups shown in  the  following  table: 

Effect of prof i le  of triangular wings . . . . . . . . . . .  8, 9 ,  10 

Effect of ver t ica l   f ins  . . . . . . . . . . . . . .  i . . .  14, 15, 16 
Effect of aspect  ratio of modified triangular wings . 17, 18, 19 
Srmmary effects  of  aspect ratio of triangular w a s  20, 21, 22 
Summary effects of a s p c t   r a t i o  of  modified 

Effect of aepect r a t io  of triangular wings . . . . . . . . .  11, L2, 13 

t r i anmla r  wings . . . . . . . . . . . . . . . . . . . .  23, 24, 25 

All theoretical va lues  obtained from reference 5 have been calculated by 
us4 of the equations and have been extrapolated  to the appropriate  taper 
ra5ios. 

. 
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Effect of Profile of Triangular Wings 

c 

Changes in  wing profile appear to have rather large effects on the 
lift,longitudinal-force, and pitching-IPamsnt chazacteristics at moderate 
end h i&  l i f t   coe f f i c i en t s  as is indicated in figure 8. The highest 
emurn Jlft coefficient w a s  obtained w i t h  the f-t-plate wing (model 1) 
and the lowest with the biconvex  (12-percent-thick) wing (model 3 ) .  The 
NACA 0012 wing (model 2 )  gave gr&w increasing longitudinal s t ab i l i t y  
throughout t h e  lift-coefffcient  range. Reductions in longitudinal 
s t ab i l i t y  were obtained at C, = 0 -4 f o r  both the flat-plate w i n g  and the 
biconvex w i n g .  (See f i g .  8.) For a l l  three models the direct ional   s tabi l l tg  
increased'with lift coefficient up t o  CL = 0.9, after which the  directional 
stdbility  decreased t o  about zero at maxAmmn l i f t  coefficient .* (See f ig .  9 -) 

Certain  characteristics  appear t o  have a consistent  relation t o  the 
shape of  the a i r f o i l  leading edge. The effective dihedral parmeter C zq, 
f o r  e x q l e ,  varies ahmst l inear ly  up t o  CL = 0.4 fo r  the blunt-nose 
NACA 0012 Ebfrfoil. For t h e  sharper nose f la t -plate  and biconvex a i r fo i l s  
C is linear only  t o  a l i f t  coefffcient of 0 -25. 'Ifhe decrease in the 

i n i t i a l  linear range 09 the effective dihedral parameter as the leading 
edge was effectively sharpened w a s  noted i n   t e s t s  of untapered swept wing 
in  reference 7 -  Similar trends we noted,  but t o  a lesser degree, f o r  the 
lift-curve  slops ( f i g .  8) and for  the  variations on the ro l l ing  dextvettives 
C and C with l i f t  coefffcient  (fig. 10). Negative values of C 

(as  predicted by the  theories of references 2 and 5 )  were obtained only  
for   the NACA 0012 profile model and then only  t o  a l i f t  coefficient of  0.5 
no consistent  effects of a i r f o i l  section are noted for   the damping in roll 
over the  range of l i f t  coefficients f o r  which the data are presented 

24- 
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Effect of Aspect Ratio of Trimgtrlaz Plas Forms 

It should be  remnfbered tha t   in   the  following discussion of the 
effect  of aapect r a t io  of triangular plah forms there axe ala0 effects  
of sweep present, sfnce the sweep angle is automatically  increased as 
the  aspect ratio is decreased. 

As the  aspect r a t i o  is reduced, C h  is decreased ( a t  low lif% 

coefficients) and c occurs a t  higher angles of attack. This trend 

w a s  noted in reference 8 in t e s t s  of s~mihr trimgularr-wing models. 
A t  CL = 0.3 a sha3p increase in  C occurs  for model 4; increased 

longitudinal  stabil i ty i s  noted at the 8m.e l i f t  coefficient. An opposite 
trend i s  noted f o r  model 7 at CL = 0.6 where a decrease  occurs In the 

%lax 

LCG 
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longitudinal  stabil i ty and i n  the l if t-curve slope. Increased longitudinal 
s t ab i l i t y  is noted throughout the  l if t-coefficient range &B the  aspect  ratio 
is decreased (see f ig .  U. .) AB the aspect  ratio is reduced the aerodynamic 
center moves rearward toward the 50-percent-chord point (fig. 20) as is 
indicated  for very low aspect  ratios by the theory of reference 2. The theory 
of reference 3 indicates a more gradual movemnt of the aerodynamic center 
s tar t ing f r o m  a mre forward position. It should  be  noted that  reference 3 
neglects any possible changes in the chordwise pressure  distributions of 
the wing. The empirical  curve taken fmm reference 8 indicates the E- 

trend BB the experimental; however, the  aerodpamic  center is in  a more 
forwarrd position t h a n  the results of t he  present  investigation  indicate. 
1% should be noted that all the triangular wings tested in reference 8 
had f la t -plate   a i r foi l   sect ions,  whereas those  tested  herein had an 
NACA 0012 profile w i t h  a larger  tra3ling-edge angle and a blunt 1ead-g 
edge Large-scale t e s t e  of a triangular wing Xith a double-wedge 
a i r f o i l  ( 5  percent  thick at 20 percent chord) indicate about the sam~ 
position of the a e r o d y n ~ c  center as does the present  investigation  for 
ELII aspect  ratio of 2 .O . ( h e  reference 9 .) 

The trend of C4pl%x in figure 20 with the  trends of 
reference 8 in that  %e peak vahe of C was reached at about the 

sane aspect  ratio. As the aspect  ratio is decreased, the l if t-curve 
slope is decreased as can be seen in  figure 20. The swept-wing theory 
of references 3 and 5 shows fair  apamsrit w i t h  the experimental data 
fo r  the aapect-ratio range considered. The theory of  reference 2 approaches 
the experimental values only.= the aspect  ratio approaches zero as would 
be erpected. 

It should be remembered thak a.i> the profi les   for  the models for  
which the  data are presented in   f igure  1 2 '  are of NACA OOl2 sections 
parallel. t o  the plane of symmetry- W i t h  a highly  wept model (as model 4) 
there i s  8 very large area i n  the plane of sgmmstry forward of the 
quarter chord of the mean aerodynamic chord which, when the model is 
yawed or  rolled, acts in   the  manner of a fin. Model 4, because of this 
mea, has positive values of the  directional-stabilftp parameter C 

below CL = 0 -73. The model does have increasing  directional  stability 
at the stal l  whfle models 2 and 7 do not. If mdel 4 w a s  equipped with 
a high-a8pect-ratio fin, the objectionable  characteristics below CL = 0.73 
might be overcome, resulting i n  a model having better  over-all  character- 
is t ics   than mdels 2 or  7 .  The values of &! presented in figure 21 

(obtained by plott ing C, against CL2 and taking slopes at CL = 0) 

The value8 are  not p smted   for  mde1 4 because of the  erratic  nature 
of the curve of C 7 The t h e o n  of reference 5 is in qualitative 

agreement with  the experimental results. Very high maJclmum values of the 

"u 

* 
'e dicate  increasing  directional  &ability a8 the  aspect  ratio is decreased. 

9 
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effective dihedral paremeter Cz are obtained a~ the  aspect  ratio i s  

decreased. (See f ig .  12 .) The rate of change of C w i t h  CL increases 

as the  aspect  ratio  decreases (See f ig .  21. ) Although the values obtained 
from the theories of referencee 2 and 5 predict the trends, they are l ow 
in magnitude. 

Jr 

Tke slopes of the  curves of in figure- 13 were taken at CL = 0 
c=P 

and a m  Eresented in figure 22. The curve from the theory of reference 2 
8hows good agreement wlth experiment dam t o  BZL aspect  ratio of 2.31 af te r  
which the expe-tal curve f a l l e  t o  zero at A = 1 .O7. The c m e  from 
the  theory of reference 5 (derived f o r  untapered mept winge 1 e v e s  
consistently high value8 of &y &,. The theories of references 2 and 5 

predict  negative values of a t  poeitive Uft coefficiente; however, 

the experimental values of C are negative only at moderate l i f t  

coefficients (See f ig .  13. ) The available  theory is, therefore, 
extremely limited in  t h e  range of applicability t o  triangular plan forma 
AB the  aspect  ratio is decrease&, & at  CT, = 0 increases 

negatively and the theory of reference 5 predicts the reaults with fair 
accuracy. (See f ig .  22. ) The curve f r o m  the t heo ry  of  reference 2 
indicates the  proper trend,  but the  correlation w i t h  experiment i e  good 
on ly  at the lowest test   aspect  ratio A = 1-07. 

P I 
cnp 

?e 

..I 

The reeults of reference 8 f o r  flat-plate  trianglee  indicate  posftive 
values of C at &derate lift coefficients  for aepect ra t ios  below the 

range considered  herein. The oppoeite trend is noted herein  for model 4 
(A = 1 -07) which shows an increase in C 2 stezting at a l i f t  coefficient x. 
of about o (see f ig .  13 .)  his increase is belleve&  to be caused 
by the s d e n  increase in C h  ( f i g  . 11) and the vertical-f in effect a t  
the wing nose result,ing f r o m  the use of a blunt-nose airfoil section in  
conibination w i t h  a 1mge sweep angle. A t  Mgh angles of attack the 
vert ical  displacement of the nose from the axis of rotation cause8 an 
increase in dampwg in roll. The vdues of Cz (taken a t  CL = o from 

f ig .  13) presented in figure 22 show as almost linear decrease fn &amping 
88 the aspect  ratio fa reduced. The theory of reference 4 is  i n  good 
agreement with the  experhental c m e .  The theory of reference 5 predicts 
the trend of the experimental curve but  the magnitude is about 15 percent 
too high. The theory of reference 2 shows f a i r  agreement w i t h  expe rkn t  
o n l y  at the lowest t e s t  aspect ratio (A = l.07). 

2P 

P 

P 
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Effect of Vertical FFns 

The effects of the fFns on CL, C,, end Cx (fig.  14) are small as 
would be expected. 

Although the increqmt  in C ( f ig .  15) caused by the amall (A = 0.77) 
% 

epd large (A  = 1.15) fins decreases from CL = 0 to % = 1.0, 

the wing-fin ccmibina.l;icms increa~ee thmughout the entire Uft; range. The 
addition of either fin causes a positive increment of C at CL = 0 

which decreases aa the lift coefficient incrreases. 

% for 

z* 
rate of change of C with CL f o r  the rlng.fin 

2J' 
than f o r  the wlng alone (See f i g  15 ) 

Addition of the large f i n  cauaed negative  displacements of at 
cyP 

CL = 0 ; the addttion of either fin caused an increase in the rate of change 
of C y  with CLg (See fig. 16 .) ~n almost constant  positive increment 

in hp is the reat  of adding the large fin t o  model 2 . (see f i g  16 . ) P 

Both the lmge and amall fins increwed the wing in r o l l  tlwoughout the 
Jlft-coefficient range; the increase  for the lcarge fin mounts t o  about 
30 percent of the damping in r o l l  of the w i n g  alone. 

Effect of h p e c t  Ratio of Modified Triangular PLan B o r n  

The model6 o$' the present grog were fonnsd by cutting various p o r t l o ~ l ~ l  
from the t ips  of a baeic trt.angular wing (model 7 )  parallel t o  the plane 
of symmstry to obtain alspect r a t i o  3 (model 8), aspect r a t i o  2 (mdel 9)y  
and aspect ratio I (model 10 ) including t i p s  of r e v o ~ t i o n .  

For the lowest test aspect  ratio (A = 1.U) a definite nonlinear 
variation of CL with a is  noted in figure 17 w h i c h  agrees w i t h  the 

rests of sim11a.r models tested i n  reference 8 .  &cept f o r  a short range 
(CL = o .15 to CL = o .3) the vaztatton of C, with CL l e  mainear for 
model' 10 (A = 1.0). Reducing the aspect  rstio of modified triangular 
w i n g s  r6rJults in  a forward mmement of the aerodyllsmic center which can be 
eetimated with feLr accuracy for  aspect  ratio6 of 2.3 o r  less by the  theory 
of reference 3 (See fig.  23 .) ~n increaae i n  C b  is  noted ae the 

aspect  ratio i s  decreased. A similar trend w a s  noted for the same ran@ 
of aspect  ratios reported in reference 8. The theories of referencee 3 
and 5 predict a decrease in   l i f t -curve slope Kith a decrease in  aepect 
ratio but are only In fair ,  agreement w i t h  the exp-ntd reeults 0 ( h e  
f ig .  23 .) The theory of reference 2 .BhoWB poor agrement w i t h  experfment 
even for an aspect  ratio of I .O . 
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High directional  stabil i ty is indicated a t  hi& l i f t  coefficients  for 
l o w  aspect  ratios in figure 18 A l s o  indicated in figure 18 ax% very  high 
values of the  effective dihedral pmameter Cl fo r  l o w  aspect  ratios. 
Reducing the alspect r a t i o  by cutting  portions L m the t ips   para l le l   to  the 
plane of symmetry r e d t s  in  an increaee in  directional  stabil i ty which i s  
in fair agrement w i t h  the  theory of reference 5 &wn to an aspect ratio 
of 2. (See f ig .  24. ) At an aspect  ratio of 1 .O the directional  stabil l ty 
i e  considerably  larger than that predicted by reference 5 The fncrease 
in the  variation of C% w l t h  CL with decreasing  aspect  ratio is 
considerably larger th& is  indicated by either reference 2 or  reference 5 .  
As the  aspect  ratio i s  decreased, C2 at  high lift coefficients,  has E 

tendency t o  increase (See f ig .  19 .)  The expe-nta variation of 

With cL (f ig .  25) shows l i t t l e  change with aspect r a t io ;  whereas t he  theow 
of reference 5 indicates a emall reduction in  this parameter  wfth  decreasing 
aspect r a t io  and the triwar theory of reference 2 i u c a t e e  a large 
increase in aC w f t h  decreasing  aspect  ratio. In general, better 

agreement w a s  obtained w i t h  reference 5 The e x p e m n t a l  curve of figure 25 
indicates a decrease in the variation of c”p with CL with decreasing 

Reducing the aspect  ratio results in a decrease in damping in roll C 

of reference 5 whfle the theory  of reference 2 fs  in fair agreement 
w i t h  experiment ~ n l y  at the lowest t e s t  aspect ra t io  (A = 1.0). me 
theory of reference 4 is  in fair agreement at   lo^ aspect  ratios and 
s x c e ~ e n t  agrement at A = 3 and A = 4. 

P 

“.P 

YPP, 

- .  aepect  ratio which is in fair agreement xith the theory of reference 5 .  

- (See f i g  25 1 GOO& agreement is M c a t e d  with experiment by the theory 

Tests conducted in the 6-foot-dfameter rolling-flow test section of 
the Langley s tab i l i ty  -el t o  determine the effects of a nlrmber of 
geometric variables OR the low-speed etatic-stabil i ty and rolling 
characteristics of triangular wingf3 indicate the following conclzzsione: 

1. In general,  variation6 in profile had 8mU- effects on the s t a t i c  
and rolling characteristic8 of triangular wings a t  l o w  l i f t  coefficients. 
The greatest  effect of profile WBB in the hi&-lift-coefficient range. 
The l inear range of  the stat ic-s tabi l i ty  paramstere was decreased (Fn 
mch  the aame m e r  as f o r  untapered  mept winge) as  the leading-edge 
aha-pnese was increased. . 

2 Several of the chmacteristice of triangular w i n g s  may be 
.I estims;ted with f a i r  accuracy  by available swept-wing theory. Available 

low-aspect-ratio  triangular-wing  theory was found t o  be reliable f o r  
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certain  characteristic8  but f o r  othere, particularly  the  lift-curve slope, 
damping In roll, and aerodynsmic-center  position, the agreement was poor 
except  at the lowest  teat  aspect  ratio (A = 1.07) . 

3 -  The vertical f in8  tested provided good directional  atability for 
the wing-fin  coplbinationa  throughout t h e  lift-coefficient range. The fins 
increased the ming in roll and decreased the Tarlation of effective 
dihedral parameter with  lift  coefficient. 

4. The eerie8 of wings obtained  by  cutting various portions f r o m  
the tips of 8 basic  triangular wing generally had good 1ongLtudinal and 
directional  stability  but very high effective dihedral. Most of the 
characterietice of these wings, at low lift  coefficients,  could be 
predicted wlth fair accuracy by means of available ewept-wiq theory 

Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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Figure 1.- System of s t ab i l i t y  axes. Positive forces, moments, and 
anglee are indicated. 
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Figure 4.- Model 4 mounted in tunnel. A = 1.07; Ac/4 = 70.4"; 
profile, W A  0012. 
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Figure 8.- EfYect of pro f i l e  on aerodymmlc characteristics of a 
triangulm wing of aspect ra t io  2.31. A 4 4  = 59.2'. 
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Figure 10.- Effect of profile of a triangulsr w i n g  of aspect ratio 2.31 

~n cyp, cnp, and c ~4 = 52.2O. 
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Figure 11.- Effect of aspect ratio on aerodynamic characteristice of 
triangular w i n g s  of W A  0012 profile. 
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Figure 12.- Effect of aspect ratio of triangulm wings of 
EACA 0012 prof i le  on Cyv Cnq, and C 
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Figure 13.- Effec t  of aspect ra t io  of triangular w i n g s  of 
NACA 0012 profi le  on Cyp, Cnp, and C 
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Figure 14.- Effect of fine on aerodynamic characterist ics of a trian@;ular 
wing of MCA 0012 profile.  4..4 = 52.2O. 
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Figure 15.- Effect of' fim on a triangular w i n g  of NACA 0012 profi le  
on Cy$, Cnq, and C 23re b/& = 52.2O. 
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Figure 16.-Effect of fine OIL a triangular wing of IUCA 0012 profile 
011 Cy , C and C 0 h , /4  = 52.2'. 
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Figure 17.- Effect of aspect  ratio on aerodynamic characterist ics of 
modified triangular w i n g s .  4 1 4  = 36.90. 
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Figure 20.- Variation of aeroayaamic center C k  and C k  w i t h  

aspect r a t i o  for winge of triangulex plan form. Profile, 
MACA 0012; CL = 0. 
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Figure 22.- Variation of % %, & &,, Etnd C with aepect 

ratio fo r  win@ of triangular plan form. Prof i l e ,  mAcA 0012; 
P I %I 2P 

CL = 0. 
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Figure 23.- Variation of aerodynamic center, 

cLmax' and cLa 
aspect r a t io   fo r  modified triangular wings. Profile,  NACA 0012; 
A 4 4  = 36.9'; CL = 0. 
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Figure 25.- Variation of & aCL, &%/&,, and CZp w i t h  aspect 
YPl 

ratio for modified triangular winger. Profi le ,  ISACA 0012; 
Ac/4 = 36.9'; Cr, = 0. 
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